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ABSTRACT 
The main objective of this study was to isolate, quantify and assess the antibiotic susceptibility of Streptoccoccus agalactiae from tilapia pond 
soil in Lubao, Pampanga, Philippines. Composite soil samples were collected from five tilapia grow-out farms near the Pampanga River. Two 
series of 10-fold dilutions (10-1 and 10-2) of soil samples were made in sterile distilled water.  One hundred microliters of the diluted samples 
were plated into Edward Medium Modified. Blue to colorless colonies were counted and expressed as CFU/g. A total of five colonies from five 
farms were used in the antimicrobial susceptibility testing using the Kirby Bauer disc diffusion method.  
Highest count of S. agalactiae in tilapia pond soil was recorded in Farm 3 and Farm 5 (2.1 x 105 CFU/g) followed by Farm 4 (1.6 x 105 CFU/g) 
and lowest in Farm 1 and Farm 2 (4.2 x 104 CFU/g). There was no big difference in log10 transformed CFU/g of S. agalactiae among the five 
collection farms because they share the same cultural and management practices and even the source of water.  
The eight antibiotics used in the study were penicillin, gentamicin and ampicillin (10 µg), amoxicillin and nalidixic acid (20 µg), and 
chloramphenicol, tetracycline and vancomycin (30 µg).  All S. agalactiae isolates were susceptible to gentamicin, nalidixic acid, chloramphenicol 
and tetracycline, thus, these antibiotics could be recommended in treating tilapia infected with this bacterium. The isolates were intermediate 
to susceptible to penicillin, ampicillin, amoxicillin and vancomycin. 
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INTRODUCTION 
Sediments of a body of water serve as sources or sinks of 
both organic and inorganic matter. Aquaculture sediment 
can affect the quality of the pond1 and the final products 
from a rearing operation2. The aquaculture pond sediment 
differs from other sediment environments because there is a 
continuous input of organic matter. Thus, it is likely that the 
bacterial community composition also differs in other 
sediment environments2.  
Sediments have higher bacterial load as compared to 
freshwater and marine water environments. In a study 
conducted by Atlas and Bartha (1998), they provided an 
estimate of 3.0 x 106 to 5.0 x 108 bacterial populations per 
gram of sediment3. The high bacterial load in sediment could 
be due to a number of factors such as proximity to toilet 
facilities, animal farm wastes and refuse dump sites4. 
Abundance of microorganisms in sediments also relies on 
the availability of nutrients and multitude of environmental 
factors5. A number of authors have reported that the most 
abundant bacterial phyla in tilapia pond sediments were 
Proteobacteria and Bacteroides6,7. Pathogenic groups of 
bacteria namely Escherichia coli, Staphylococcus, 
Enterococcus, Klebsiella, Proteus, Pseudomonas, Serratia, 
Aeromonas and Streptococcus were also reported in 
sediments5,8.  
Streptococcus is gram-positive, non-acid fast, non-motile, 
oxidase-positive and catalase-negative coccus.  Currently, 
over 50 species are recognized in this genus. S. agalactiae is 
the major species in farmed tilapia. S. iniae also causes 
mortality but to a lesser extent. Bunch and Bejerano (1997) 
acknowledged that Streptococcus spp. are widely spread in 
aquaculture environments9.  Infection caused by 
Streptococcus spp. in fishes leads to pathological signs such 
as hemorrhage, exophthalmia, corneal opacity and dark 
body coloration, with nodular or abscess formation on the 
trunk and peduncle muscles.  Streptococcus infections in fish 
can cause high mortality rates (> 50%) over a period of 3 to 
7 days.  Some outbreaks, however, are more chronic in 
nature and mortalities may extend over a period of several 
weeks, with only a few fish dying each day10. 
Experimental studies demonstrated that Streptococcus spp. 
could be transmitted via a number of routes such as 
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intraperitoneal injection, immersion, oral, gill and nare 
inoculation and cohabilitation with infected fish11,12,13. 
However, under natural environments, Streptococcus spp. 
could be transmitted horizontally via a number of pathways 
that include direct contact between healthy fish and 
diseased or dead fish as well as direct contact with the 
bacteria-contaminated water and sediment14,15,16,17,18,19,20. 
The ability of Streptoccus spp. to survive in water and 
sediment for long periods could make the fish more 
susceptible to these bacteria21. 
Komar (2008) has emphasized that bacterial diseases in fish 
could be managed by two major complementary strategies 
namely reactive and proactive. Reactive strategies mainly 
focus on treatment, whereas proactive strategies focus on 
prevention. One common example of reactive strategy is 
through antibiotic therapy. The main issue associated with 
the practice is antibiotic resistance22. In aquaculture and 
mariculture, the development of antibiotic resistance has 
been recorded in Aeromonas hydrophila, A. salmonicida, 
Edwardsiella tarda, E. icttaluri, Vibrio anguillarum, V. 
salmonicida, Pasteurella piscida and Yersinia ruckeri23. 
Streptococcus isolated from cultured tilapia showed various 
forms of resistance to gentamicin, ofloxacin, nitrofurantoin, 
amoxicillin, tetracycline, cotrimoxazole, nalidixic acid and 
augmentin24. The use of antibiotics is indeed possible when 
it is conducted responsibly. The choice of antibiotic used 
should be determined based on antibiotic sensitivity and 
regulatory status23. 
Objectives of the Study 
This study was conducted in order to isolate and quantify S. 
agalactiae from tilapia pond sediment in Lubao, Pampanga, 
Philippines and to evaluate the antibiotic susceptibility of 
the S. agalactiae isolates.  
MATERIAL AND METHODS 
Collection of Soil Samples 
Soil samples were collected from five tilapia grow-out farms 
in Lubao, Pampanga, Philippines that are located near 
Pamapanga river and practice intensive farming. Composite 
surface soil were collected around the pond perimeter using 
improvised soil borer. Five centimeter depth was excavated 
for the collection of soil. The collected samples were placed 
in disinfected plastic cup and were transported in the 
laboratory for immediate analysis. 
Surveying and GPS Reading 
The tilapia grow-out farms were surveyed using a pre-tested 
questionnaire designed by the Freshwater Aquaculture 
Center in Central Luzon State University Philippines. The 
questionnaire encompasses some aspects of tilapia farming 
(e.g. technical information, feeds and feeding, water 
management, etc.).  The exact location of the farm was 
known using handheld GPS equipment. 
Isolation and Quantification of Streptococcus 
Two series of 10-fold dilutions (10-1 and 10-2) of pond soil 
was made in distilled water. One hundred microliters (100 
µl) of the diluted sample was plated into Edward Medium 
Modified.  After 18 to 24 h of incubation at 35 to 37 °C, blue 
to colorless colonies were counted and expressed as CFU/g 
using the formula: 
       
                                        
                  
 
       
  
                                
 
C = colony counts 
n1 = no. of plates in 1st dilution counted 
n2 = no. of plates in 2nd dilution counted 
d = dilution from which the 1st counts were obtained 
Vp = volume plated 
In every collection site, one colony of S. agalactiae was 
selcted and inoculated in test tube containing Trypticase Soy 
Agar (TSA).  A total of five colonies were used fo gram-
staining, catalase test and antibiotic susceptibility testing. 
Gram Staining  
The isolate was streaked on TSA plate and incubated at 37 ˚C 
for 18 to 24 hours. A smear was prepared by mixing a small 
amount of growth with a drop of distilled water. The smear 
was air-dried and fixed by heat. The glass slide was labeled 
properly. The dried smear was stained with crystal violet for 
1 minute and was rinsed thoroughly with tap water. 
Afterwards, the smear was covered with Gram’s iodine for 1 
to 2 minutes and was washed with tap water. The smear was 
decolorized by dripping 95% ethanol and was washed 
immediately. Then, the smear was counterstained with 
safranin for 45 seconds and was washed by tap water. The 
slide was examined under microscope. Gram-positive 
bacterium should be colored blue while Gram-negative 
bacterium should be colored red. Cell size, shape and 
arrangement were also noted. 
Catalase Test 
The isolate was streaked on TSA plate and was incubated at 
30 ˚C for 18 to 24 hours. A loopful of the bacterium was 
transferred to a clean slide. One to two drops of freshly 
prepared 3% hydrogen peroxide (H2O2) were dropped into 
the slide. Bubble formation indicates presence of catalase 
enzyme. 
Antibiotics Susceptibility Testing 
About 2 to 3 colonies of S. agalactiae was suspended in 
Trypticase Soy Broth (TSB). The bacterial suspension was 
incubated for 1 to 2 hours at 37 °C and then adjusted to 0.5 
McFarland turbidity standards. The adjusted suspension was 
streaked in TSA plate using a sterilized cotton swab  The 
antibiotics discs (amoxicillin = 20 µg; chloramphenicol = 30 
µg; penicillin = 10 µg; tetracycline = 30 µg; gentamicin = 10 
µg; vancomycin = 30 µg; ampicilin = 10 µg; nalidixic acid  = 
20 µg)  were placed on the surface of the inoculated plate 
using sterile forceps.  The plates were incubated at 37 °C for 
24 hrs. The zone of inhibition was measured using a ruler. 
The susceptible, intermediate and resistant categories of S. 
agalactiae to antibiotics were assigned on the basis of the 
critical points recommended by the Clinical and Laboratory 
Standards Institute (2012). 
Statistical Analysis 
Statistical difference in zone of inhibitions among antibiotic 
discs was compared using One Way Analysis of Variance.  
Comparison of means was done using Tukey’s Test.  
RESULTS AND DISCUSSION 
Surveying and GPS Reading 
The five tilapia farms that served as collection sites for pond 
soil samples were located in Brgy. Bancal Pugad, Lubao, 
Pampanga, Philippines. This barangay is located in one of the 
tributaries of Pampanga River. The river served as the main 
source of water for the grow-out culture of tilapia which was 
operated in a medium (3 to 6 ha) to large scale (>7 ha) 
production. The farm owners performed drying and liming 
of pond bottom, believing that this combination was enough 
to prepare their ponds. Each pond was stocked with >9 
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tilapia/m2 and the fish were totally dependent on 
commercial diet. Water exchange was done at least once a 
week. The interviewed fish farmers already experienced 
problems related on fish diseases, fish kills and extreme 
environmental conditions. The usual remedies performed in 
case of disease/fish kill occurrences were application of salt 
and lime, water exchange and early harvest (Table 1). 
Isolation and Quantification of Streptococcus agalactiae 
in Tilapia Pond Soil 
S. agalactiae from tilapia pond soil was isolated using a 
selective and differential medium known as Edward Medium 
Modified (EMM). This medium contains crystal violet and 
thallium salts which are responsible for the selective 
isolation of streptococci and inhibition of other types of 
bacteria.  
 
Figure 1: Gram staining. Gram-positive colonies in pair or 
chains. 
The esculin in the medium is accountable for the 
differentiation of esculin-positive streptococci (group D 
streptococci) from esculin-negative streptococci such as S. 
agalactiae25. S. agalactiae colonies appear blue to colorless 
in EMM.  
Representative colony from the five collection sites was 
subjected to gram staining and catalase test. All of the five 
colonies were Gram-positive with round cells (cocci) in pair 
or chain (Figure 1) when observed under the microscope. 
The colonies were negative to catalase test because there 
was no formation of bubbles when it was dipped in 
hydrogen peroxide (Figure 2). Gram-positive reaction and 
negative to catalase test were some of the phenotypic traits 
of S. agalactiae26. 
 
Figure 2. Catalase test. S. agalaciae was negative to catalase 
test as indicated by drops of hydrogen peroxide without the 
formation of bubbles. Drop with bubbles was inoculated 
with a known bacterium which is positive to catalase test. 
Highest count of S. agalactiae in tilapia pond soil was 
recorded in Farm 3 and Farm 5 (2.1 x 105 CFU/g) followed 
by Farm 4 (1.6 x 105 CFU/g) and lowest in Farm 1 and Farm 
2 (4.2 x 104 CFU/g) (Table 2). There was no big difference in 
log10 transformed CFU/g of S. agalactiae among the five 
collection farms because they share the same cultural and 
management practices and even the source of water. 
According to the study of Reyes, Fajardo and Bullanday 
(2018), the candidate risk factors associated to the 
occurrence of S. agalactiae in tilapia pond water in Lubao, 
Pampanga were high stocking density, full feeding, unsafe 
source of water and incomplete pond preparation 
practices27. This study revealed that S. agalactiae was more 
abundant in soil (4.2 x 104 to 2.1 x 105 CFU/g) than in water 
(250 to 270 CFU/mL). The presence of S. agalactiae in tilapia 
pond water could be attributed to the higher count recorded 
in the soil. This only proves that the pond preparation 
practices implemented in the five farms were not enough to 
eradicate pathogenic bacteria in the soil. 
    
Table 1. Summary of the farm management practices of the five collection sites. 
Farm 
Farm 
Location/ 
Address 
Scale of 
Operation 
Pond 
Prepara
tion 
Water 
Source 
Water 
Exchange 
Level of 
Management 
Feeding 
Problems 
Incurred 
Preventive/ 
Control 
Measures 
1 
Bancal Pugad  
N 14˚54.757’  
E 120˚ 34.560’ 
Large-
scale 
Drying 
and 
liming 
River Frequent Intensive 
Full 
feeding 
Fish diseases, 
fish kill, 
abrupt/extreme 
environmental 
conditions 
Salt 
treatment, 
liming, early 
harvest 
2 
 
Bancal Pugad  
N 14˚54.583’  
E 120˚ 34.945’  
 
Medium-
scale 
Drying River Frequent Intensive 
Full 
feeding 
Fish diseases, 
fish kill, 
abrupt/extreme 
environmental 
conditions 
Salt 
treatment, 
early harvest 
3 
 
Bancal Pugad  
N 14˚57.247’ 
E 120˚ 36.597’  
 
Large-
scale 
Drying River Frequent Intensive 
Full 
feeding 
Fish diseases, 
fish kill, 
abrupt/extreme 
environmental 
conditions 
Water 
exchange, 
liming 
4 
 
Bancal Pugad  
N 14˚58.145’ 
E 120˚ 35.695’  
 
Medium-
scale 
Drying River Frequent Intensive 
Full 
feeding 
Fish diseases, 
fish kill, 
abrupt/extreme 
environmental 
conditions 
Salt 
treatment, 
liming, early 
harvest 
5 
 
Bancal Pugad  
N 14˚54.935’  
E 120˚ 35.047’  
Medium-
scale 
Drying 
and 
liming 
River Frequent Intensive 
Full 
feeding 
Fish diseases, 
fish kill, 
abrupt/extreme 
environmental 
conditions 
Salt 
treatment, 
early harvest 
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Table 2: Colony forming unit (CFU) of S. agalactiae per gram of pond soil in the five collection sites. 
FARM 
NUMBER OF S. agalactiae COLONIES 
CFU/g Log10 CFU/g 
10-1 Dilution 10-2 Dilution 
1 
228 136 
4.2 x 104 4.62 264  28 
280 148 
2 
384  37 
4.0 x 104 4.60 330 205 
245   27 
3 
420 160 
2.1 x 105 5.32 512 220 
548 244 
4 
630   78 
1.6 x 105 5.20 583 153 
512 243 
5 
868 216 
2.1 x 105 5.32 424 192 
848 228 
 
Antimicrobial Susceptibility Testing 
For antibiotics with dose of 10 μg, gentamicin was the most 
effective against S. agalactiae isolates with zone of inhibition 
from 26.80 to 31.40 mm. S. agalactiae isolate from Farm 1 
was considered to be the most susceptible to gentamicin 
(31.40±0.55 mm), penicillin (33.20±1.79) and ampicillin 
(25.60±1.14 mm) (Table 3).   
At 20 μg dose, nalidixic acid (22.40 to 25.60 mm) had wider 
zone of inhibition as compared to amoxicillin (16.00 to 25.40 
mm). Farm 1 isolate (25.60±0.55 mm) was the most 
susceptible to nalidixic acid. Highest zone of inhibition in 
amoxicillin was observed in Farm 2 isolate (25.40±2.07 mm) 
and it was significant as compared in Farms 3, 4 and 5 (Table 
3). 
Chloramphenicol (27.40 to 33.20 mm) at 30 μg dose was 
more effective than vancomycin (18.20 to 23.80 mm) and 
tetracycline (22.20 to 28.00 mm) of the same dosages based 
upon the range of zone of inhibition. Farm 1 isolate recorded 
the highest zone of inhibition for tetracycline (28.00±1.87 
mm) and chloramphenicol (33.20±1.79 mm). Meanwhile, 
vancomycin was most effective to Farm 4 isolate (23.80±1.79 
mm) (Table 3). 
 
Table 3: Zone of inhibition of the antibiotics used against the five S. agalactiae farm isolates. 
ANTIBIOTIC FARM 1 FARM 2 FARM 3 FARM 4 FARM 5 
Gentamicin(10μg) 31.40±0.55ab 26.80±0.84c 29.40±1.34b 32.40±.55a 26.80±1.64c 
Penicillin(10μg) 33.20±1.79a 14.60±3.21b 15.60±0.89b 17.60±2.88b 15.60±1.95b 
Ampicillin(10μg) 25.60±1.14a 15.20±2.59c 20.60±0.89b 19.60±0.55b 21.00±2.00b 
Nalidixic(20μg) 25.60±0.55a 25.20±0.84a 24.00±1.87ab 22.40±.55b 24.80±1.48a 
Amoxicillin(20μg) 24.00±0.71a 25.40±2.07a 16.00±1.22b 17.40±1.95b 16.20±2.77b 
Vancomycin(30μg) 20.40±0.55ab 20.60±1.14ab 21.20±3.63ab 23.80±1.79a 18.20±1.48b 
Tetracycline(30μg) 28.00±1.87a 25.20±1.92ab 25.80±1.30a 26.80±2.17a 22.20±1.30b 
Chloramphenicol(30μg) 33.20±1.79a 27.40±1.14b 30.00±5.05ab 28.80±3.63ab 28.60±.55ab 
Note: Different superscript was significant at p<0.05 
The isolates were classified whether resistant, intermediate 
or susceptible to the various antibiotics on the basis of 
critical points recommended by the Clinical and Laboratory 
Standards Institute (2012)28. All five isolates were 
susceptible to gentamicin, nalidixic acid, chloramphenicol 
and tetracycline (Figure 3). The isolates were intermediate 
to susceptible to penicillin, ampicillin, amoxicillin and 
vancomycin (Table 4). In the study conducted by Reyes et al. 
(2018), S. agalactiae isolates from pond water were found 
resistant to penicillin and ampicillin at 10 μg dose, 
amoxicillin at 20 μg dose and vancomycin at 30 μg dose, and 
susceptible to tetracyline at 30 μg dose and chloramphenicol 
at 30 μg dose27. 
 
 
 
 
 
 
 
 
 
Figure 3. S. agalactiae isolates susceptible to nalidixic acid (A), chloramphenicol (B) and tetracycline (C) 
(A) (B) (C) 
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Table 4. Classification of isolates on the basis of critical points recommended by the Clinical andLaboratory Standards Institute 
(2012) 
ANTIBIOTICS/DOSAGES 
CATEGORIES 
FARM 1 FARM 2 FARM 3 FARM4 FARM 5 
Penicillin (10 μg) Susceptible Intermediate Intermediate Intermediate Intermediate 
Gentamicin (10 μg) Susceptible Susceptible Susceptible Susceptible Susceptible 
Ampicillin (10 μg) Susceptible Intermediate Susceptible Susceptible Susceptible 
Amoxicillin (20 μg) Susceptible Susceptible Intermediate Intermediate Intermediate 
Nalidixic acid (20 μg) Susceptible Susceptible Susceptible Susceptible Susceptible 
Chloramphenicol (30 μg) Susceptible Susceptible Susceptible Susceptible Susceptible 
Tetracycline (30 μg) Susceptible Susceptible Susceptible Susceptible Susceptible 
Vancomycin (30 μg) Intermediate Susceptible Susceptible Susceptible Intermediate 
Note: Resistant = < 14 mm; Intermediate = 15 to 19 mm; Susceptible = > 20 mm 
 
Chloramphenicol inhibits microbial protein synthesis. 
Tetracycline binds to the 30S ribosomal subunit of the 
bacterium and it interferes with the binding of aminoacyl-
tRNA to the messenger RNA molecule/ribosome complex, 
thus, disrupting the bacterial protein synthesis29. 
Tetracycline can inhibit the protein synthesis in 
mitochondria when it binds with the 70S ribosomes30. 
Gntamicin is able to inhibit the protein synthesis in bacteria 
by binding to one of the ribosomal subunits31. Meanwhile, 
nalidixic acids are able to interfere with DNA replication and 
transcription in bacteria32. 
Multiple antibiotic resistances have been reported in fish 
pathogen and bacteria from aquaculture environment with a 
variety of drug or an uncertain antibiotic usage history33,34,35. 
Antibiotics percolated from the food and faeces may diffuse 
into the sediment and can be propelled by currents to the 
distant sites36,37,38,39,40. These residual antibiotics will remain 
in the sediment, exerting selective pressure, thereby altering 
the composition of the microflora of the sediment and 
selecting for antibiotic-resistant bacteria41,42,43,44,45,46. 
Furthermore, it has been shown that antibiotic resistance in 
sediment bacteria increases along heavy metal 
contamination47.  
There are number of ways by which microorganisms are 
resistant to antimicrobial agents. These includes: (1) 
Bacteria produce enzymes which destroy the antimicrobial 
agents before it reaches its targets e.g. Beta lactamase 
enzyme hydrolyses beta lactam drugs which develop 
resistance; (2) Impermeable cell for antimicrobial drugs e.g. 
Gram-negative bacteria may become resistant to Beta lactam 
antibiotics by developing permeability barrier; (3) Mutation 
e.g. Ribosome methylation of ribosomal RNA develop 
macrolide resistant; (4) Bacterial efflux pump that expels 
antimicrobial drugs from cell before it can reach its targets; 
and (5) Specific Metabolic pathways in the bacteria are 
genetically altered so that antibacterial agents cannot exert 
an effect48,49 
CONCLUSIONS  
At 20 μg dose, nalidixic acid (22.40 to 25.60 mm) had wider 
zone of inhibition as compared to amoxicillin (16.00 to 25.40 
mm). Chloramphenicol (27.40 to 33.20 mm) at 30 μg dose 
was more effective than vancomycin (18.20 to 23.80 mm) 
and tetracycline (22.20 to 28.00 mm) of the same dosages 
based upon the range of zone of inhibition. All S. agalactiae 
isolates were susceptible to gentamicin (10 μg), nalidixic acid 
(20 μg), chloramphenicol (30 μg) and tetracycline (30 μg), 
thus, these antibiotics could be recommended in treating 
tilapia infected with S. agalactiae. The isolates were 
intermediate to susceptible to penicillin (10 μg), ampicillin 
(10 μg), amoxicillin (20 μg) and vancomycin (30 μg). 
ACKNOWLEDGEMENT 
The authors expressed their profound gratitude to Mr. Alfred 
Reyes, Mr. Ismael Geroza, Mr. Mark John Bullanday, Mr. Eric 
Jorduela, Mr. Francis Gerald Madrid and other members of 
Alpha Sigma Phi Delta Iota Chapter CLSU who helped in the 
collection and analysis of soil samples. 
REFERENCES 
1. Hussenot J, Martin JLM, Assessment of the quality of pond 
sediment in aquaculture using simple, rapid techniques, 
Aquaculture International, 1995; 3:123-133. 
2. Boyd CE, Bottom soils, sediment, and pond aquaculture, 
Springer. US.; 1995. P. 149-193. 
3. Atlas RM, Bartha R,  Microbial Ecology:  Fundamentals  and 
Applications.  4th edition.  Benjamin Cummings Publishing 
Company, Inc.; 1998. Pp. 300-350. 
4. Shittu OB, Olaitan JO, Amusa TS, Physico-chemical and 
bacteriological analyses of water used for drinking and 
swimming purposes in Abeokuta, Nigeria,  African Journal of 
Biomedical Research, 2008; 11:285-290. 
5. Ogunmwonyi, IN, Igbinosa OE, Aiyegoro OA, Odjadjare E, 
Microbial analysis of different top soil samples of selected site 
in Obafemi Awolowo University, Nigeria,  Scientific Research 
and Essay, 2008; 3(3):120-124. 
6. Fan L., Barry K, Hu G, Meng S, Song C, Qiu L, Zheng Y, Wu W, Qu 
J, Chen J, Xu P, Characterizing bacterial communities in tilapia 
pond surface sediment and their responses to pond differences 
and temporal variations, World Journal of Microbiology and 
Biotechnology, 2017; 33:1-12. 
7. Zwart G., Crump BC, Agterveld M, Hagen F, Han SK, Typical 
freshwater bacteria: an analysis of available 16S rRNA gene 
sequences from plankton of lakes and rivers, Aquatic Microbial 
Ecology, 2002; 28:141-155. 
8. Mohan, RAJ, Ravichadran K,  Study of soil microflora indicating 
pesticide contamination of Cauvery River Belt in India,  Indian 
Journal of Science and Technology, 2010; 3:80-82. 
9. Bunch, EC, Bejerano I, The effect of environmental factors on 
the susceptibility of hybrid tilapia (Oreochromis niloticus x 
Oreochromis aureus) to Streptococcosis, Israeli Journal of 
Aquaculture/Bamidgeh, 1997; 49: 67-76. 
10. Yanong, RPE, Floyd R, Streptococcal infections of fish, Report 
from University of Florida, Series from the Department of 
Fisheries and Aquatic Sciences, Florida Cooperative Extension 
Service, Institute of Food and Agricultural Sciences, University 
of Florida, 2002. 
11. Evans, JJ, Shoemaker CA, Klesius PH, Experimental 
Streptococcus iniae infection of hybrid striped bass Morone 
chrysops × Morone saxatilis and tilapia (Oreochromis niloticus) 
by nares inoculation, Aquaculture, 2000; 189:197-210. 
12. Perera RP, Johnson SK, Collins MD, Lewis DH, Streptococcus 
iniae associated with mortality of Tilapia nilotica × T. aurea 
hybrids, Journal of  Aquatic Animal Health, 1994; 6(4): 335-
340. 
13. Shoemaker CA, Evans JJ, Klesius PH, Density and dose: factors 
affecting mortality of Streptococcus iniae infected tilapia 
(Oreochromis niloticus), Aquaculture, 2000; 188(3):229-235. 
14. Amal MNA, Saad MZ, Zahrah AS, Zulkafli AR, Water quality 
influences the presence of Streptococcus agalactiae in cage 
Reyes et al                                                                                                             Journal of Drug Delivery & Therapeutics. 2019; 9(2-s):370-375 
ISSN: 2250-1177                                                                                  [375]                                                                                 CODEN (USA): JDDTAO 
cultured red hybrid tilapia, Oreochromis niloticus × Oreochromis 
mossambicus, Aquaculture Research, 2013; 
http://dx.doi.org/10.1111/are.12180. 
15. Amal MNA, Saad MZ, Zahrah AS, Zulkafli AR, Transmission of 
Streptococcus agalactiae from a hatchery into a newly 
established red hybrid tilapia, Oreochromis niloticus (L.) × 
Oreochromis mossambicus (Peters) farm, Journal of Fish 
Diseases, 2013; 36:735-739. 
16. Bowater, RO, Forbes-Faulkner, J, Anderson IG, Condon K, 
Robinson B, Kong F, Gilbert GL, Reynolds A, Hyland S, 
McPherson G, Brien JO, Blyde D, Natural outbreak of 
Streptococcus agalactiae (GBS) infection in wild giant 
Queensland grouper, Epinephelus lanceolatus (Bloch), and other 
wild fish in northern Queensland, Australia, Journal of Fish 
Diseases, 2012; 35:173-186. 
17. Agnew W, Barnes AC, Streptococcus iniae: an aquatic pathogen 
of global veterinary significance and a challenging candidate for 
reliable vaccination, Journal of Veterinary Microbiology, 2007; 
122(1-2):1-15. 
18. Kim JH, Gomez DK, Choresca CH, Park SC, Detection of major 
bacterial and viral pathogens in trash fish used to feed cultured 
flounder in Korea, Aquaculture, 2007; 272:105-110. 
19. Nguyen HT, Kanai K, Yoshikoshi K, Ecological investigation of S. 
iniae isolated in cultured Japanese flouder, Paralicthys olivaceus 
using selective isolation procedure, Aquaculture, 2002; 205:7-
17. 
20. Robinson JA, Meyer FP, Streptococcal fish pathogen, Journal of 
Bacteriology, 1966; 92: 512. 
21. Mian GF, Godoy DT, Leal CA, Yuhara TY, Costa GM, Aspects of 
the natural history and virulence of Streptococcus agalactiae 
infection in Nile tilapia, Veterinary Microbiology, 2009; 
136:180-183. 
22. Komar C, Disease management in tilapia, Global Aquaculture 
Advocate, 2008. 
23. De Paola, A, Peeler JT, Rodrick G, Effect of oxytetracycline-
medicated feed on antibiotic resistance of Gram-negative 
bacteria in catfish ponds, Applied andEnvironmental 
Microbiology, 1995; 61:2335–2340. 
24. Tiamiyu, AM, Soladoye MO, Adegboyega TT, Adetona MO, 
Occurrence and antibiotic sensitivity of bacterial strains 
isolated from Nile tilapia, Oreochromis niloticus obtained in 
Ibadan, Southwest Nigeria, Journal of Biosciences and 
Medicines, 2015; 3:19-26. 
25. Cruickshank, R, Duguid JP, Marmion BP, Swain, RHA (Eds.), 
Medical microbiology. The practice of medical microbiology, 
12th Edition, Vol. II, Churchill Livingstone, 1975.  
26. Domelier, A, van der Mee-Marguet N, Arnault L, Mereghetti L, 
Lanotte, P, Rosenau, A, Lartigue, M, Quentin R, Molecular 
characterization of erythromycin-resistant Streptococcus 
agalactiae strains. Journal of Antimicrobial Chemotherapy, 
2008; pp 1-7. 
27. Reyes AT, Bullanday MJC, Fajardo LJ, Antibiotics susceptibility 
of Streptococcus agalactiae isolated from tilapia pond water in 
Lubao, Pampanga, Philippines, International Journal of Biology, 
Pharmacy and Allied Scuences, 2018; 7(9): 1702-1716. 
28. Clinical and Laboratory Standards Institute, Performance for 
antimicrobial disk susceptibility tests; approved standard, 11th 
edition, CLSI document M02-A11, Wayne (PA), USA, 2012; 
32(1):1-76.  
29. Chopra I, Roberts M, Tetracycline antibiotics: Mode of action, 
applications, molecular biology, and epidemiology of bacterial 
resistance, Microbiology and Molecular Biology Reviews, 2001; 
65(2):232-260. 
30. Eliopoulos GM, Roberts MC, Tetracycline therapy: Update, 
Clinical Infectious Diseases, 2003; 36(4):462-467. 
31. Peterson, LR, Currently available antimicrobial agents and their 
potential for use as monotherapy, Clin. Microbial. Infection, 
2008; 14(6):30-45. 
32. Moore D, Antibiotic classification and mechanism, 2015. 
Accessed on September, 1 2016. 
http://www.orthobullets.com/basic-
science/9059/antibioticclassification-and mechanism. 
33. Austin B, Antibiotic pollution from fish farms: Effects on aquatic 
microflora, Microbiol. Sci., 1985; 2:113-117. 
34. Aoki T, Kitao T, Arai T, R plasmids in fish pathogens. In: 
Plasmids-Medical and Theoretical Aspects. (Mitsuhashi, S, 
Rosival L, Krcmery V. Eds.) Avicenum-Czechoslovak Medical 
Press: Berlin, 1977. Pp. 39-45. 
35. McPhearson RM, DePoala A, Zywno SR, Motes Jr, ML, Guarino 
AM, Antibiotic resistance in Gramnegative bacteria from 
cultured catfish and aquaculture ponds, Aquaculture, 1991; 
99:203-211. 
36. Kerry J, Coyne R, Gilroy D, Hiney M, Smith P, Spatial distribution 
of oxytetracycline and elevated frequencies of oxytetracycline 
resistance in sediments beneath a marine salmon farm 
following oxytetracycline therapy, Aquaculture, 1996; 145:31-
39. 
37. Holten Lutzhoft HC, Halling-Sorensen B, Jorgensen SE, Algal 
toxicity of antibacterial agents applied in Danish fish farming, 
Arch. Environ. Contam. Toxicol., 1999; 36: 1-6. 
38. Guardabassi L, Dalsgaard A, Raffatellu M, Olsen JE, Increase in 
the prevalence of oxolinic acid resistant Acinetobacter spp. 
observed in a stream receiving the effluent from a freshwater 
trout farm following the treatment with oxolinic acid-
medicated feed, Aquaculture, 2000; 188:205-218. 
39. Boxall, AB, Fogg LA, Blackwell PA, Kay P, Pemberton EJ, 
Croxford A, Veterinary medicines in the environment, Rev. 
Environ. Contam. Toxicol., 2004; 180:1-91. 
40. Sorum H, Antimicrobial resistance in bacteria of animal origin. 
In: Antimicrobial drug resistance in fish pathogens. Chapter 13 
(Aarestrup, F.M. Ed.). American Society for Microbiology Press: 
Washington, DC, USA, 2006. Pp. 213-238. 
41. Kruse H, Sorum H, Transfer of multiple drug resistance 
plasmids between bacteria of diverse origins in natural 
microenvironments, Appl. Environ. Microbiol., 1994; 60:4015-
4021. 
42. Hektoen H, Berge JA, Hormazabal V, Yndestad M, Persistence of 
antibacterial agents in marine sediments. Aquaculture, 1995; 
133:175-184. 
43. Miranda CD, Castillo, G, Resistance to antibiotics and heavy 
metals of motile aeromonads from Chilean freshwater. Sci. 
Total Environ., 1998; 224:167-176. 
44. Miranda, CD, Zemelman R, Antibiotic resistant bacteria in fish 
from the Concepcion Bay Chile, Mar. Pollut. Bull., 2001; 11: 
1096-1102. 
45. Burrus, V, Waldor, MK, Control of SXT integration and excision. 
J. Bacteriol., 2003; 185:5045-5054. 
46. Hastings PJ, Rosenberg SM, Slack A, Antibiotic induced lateral 
transfer of antibiotic resistance, Trends Microbiol., 2004; 
12:401-404. 
47. Mc Arthur JV, Tuckfield RC, Spatial patterns and antibiotic 
resistance among stream bacteria: effects of Industrial 
pollution, Appl. Environ. Microbiol., 2000; 66:3722-3726. 
48. Marie BC, Stephen JC, Ronald JH, Yvette SM, Jose HO, Robert LS, 
Manual of antimicrobial susceptibility testing: American 
Society for Microbiology, 2005.  
49. Rice LB, Bonomo RA, Manual of clinical microbiology. American 
Society for Microbiology, 9th ed. Washington, DC, 2007. Pp 
1114-45.
  
